INTRODUCTION
Urbanisation is rapidly occurring in low-income and middle-income countries (LMIC) throughout the world, particularly in Latin America. Within-country migration from rural communities to urban centres has impacted the lives of many individuals, particularly those of low socioeconomic status who are seeking better employment and educational opportunities. However, many migrants find themselves relocating to urban slums to live among a population that often lacks the infrastructure and access to public services of the more affluent urban communities. 1 Urban lifestyles often include increased environmental exposures, stress, high-fat and high-calorie diets, and low physical activity, increasing the risk of chronic diseases, including cardiovascular disease. 2 The health of migrants hangs in the balance between the potential for improved economic circumstances and substandard conditions with unhealthy lifestyles in low-income urban communities. International migration from LMIC to highincome countries has been associated with decreased all-cause mortality in comparison with the native-born population of the same nationality. 3 Yet the mortality impact of urbanisation and within-country migration from rural communities to urban centres in LMIC has not been well described.
The primary objective of this study was to compare all-cause and cause-specific mortality among three distinct groups: within-country rural-to-urban migrants, rural dwellers and urban dwellers.
METHODS

Study design and setting
The PERU MIGRANT Study was designed to evaluate risk factors for cardiovascular disease in three population groups: urban dwellers in Pampas de San Juan de Miraflores, a shanty town community in Lima; rural dwellers in two communities (San Jose de Secce and Chacas) located in Ayacucho, Peru; and rural-to-urban migrants from Ayacucho to Pampas de San Juan de Miraflores. An age-stratified and sex-stratified sampling frame from each population group was identified using household census data. 4 Randomly selected participants underwent a questionnaire and anthropometric measurements at a baseline evaluation in 2007-2008 5 and a follow-up visit in 2012-2013.
Participants
For all study groups, individuals from both sexes aged 30 years and over were considered eligible at baseline. Pregnant women and those with mental disorders precluding voluntary participation were excluded.
Mortality
Date and cause of death were determined by death certificates. When death certificates were not available, the participant's relatives were interviewed to verify mortality and causes. All-cause and specificcause mortality information was grouped according to standardised definitions (see online supplementary file 1).
Study variables at baseline
Cardiovascular risk factors were determined using the baseline data from the PERU MIGRANT study. Hypertension was defined as systolic blood pressure (SBP) ≥140 mm Hg; diastolic blood pressure (DBP) ≥90 mm Hg; or by self-report of physician diagnosis with concomitant use of antihypertensive medications. 6 Diabetes was defined as fasting capillary blood glucose ≥126 mg/dL, or a selfreport of physician diagnosis. 7 8 High total cholesterol was defined as fasting cholesterol ≥200 mg/dL, 9 and obesity was defined as a BMI ≥30 kg/m 2 . Tobacco use was defined as having smoked at least one cigarette in the 6 months prior to the interview. Physical activity was assessed with the International Physical Activity Questionnaire. Categorisation of this variable included total days of physical activity and metabolic equivalents (min/week) according to international standards. 10 Alcohol use was defined as the selfreport consumption of ≥6 drinks on the same occasion at least once per month. Education was categorised by schooling years (<6, 7-11 and ≥12 years). Socioeconomic status was measured using a wealth index based on household income, assets and household facilities separately for each study group, 11 and then combined into a single variable.
Statistical methods
Statistical analyses were conducted in STATA V.12 (STATA Corp, College Station, USA). Non-standardised mortality rates per 1000 person-years were calculated. The association between migration status and all-cause and specific-cause mortality was estimated using Cox proportional hazards regression analyses reporting crude and adjusted models. Multivariable models were created using a hierarchical approach:
12 model 1 included age and sex as confounders, whereas model 2 also included education and the assets index. Since rurality is highly associated with lower education and socioeconomic status, collinearity was assessed using the VIF command in STATA.
Ethical approval
Ethical approval was obtained from the Ethics Committee at Universidad Peruana Cayetano Heredia in Peru under the ID 60 014 dated 21 June 2012. Participants provided verbal informed consent due to major illiteracy rates, especially in rural areas.
RESULTS
Population characteristics
A total of 928 of the 989 participants included at baseline (94% follow-up rate) were evaluated. At baseline, the mean age was 48 years and 53% of the cohort was female. After a mean follow-up time of 5.1 years (4732.8 person-years), in total there were 33 deaths (9 attributable to cardiovascular causes and 8 to cancer). Older age, male sex, low education, low asset index, and hypertension prevalence were characteristics associated with greater mortality during the follow-up period (table 1) .
Mortality patterns
In general, all-cause mortality rates were similar between rural and urban groups, but these rates were halved in the migrant group. When evaluated by specific causes of death, cardiovascular and cancer deaths occurred predominantly in the urban group, whereas infectious diseases mortality was predominant in rural dwellers (see online supplementary file 2). Table 2 shows HRs for mortality by study group, using the urban group as a reference, and after adjustment for potential confounders. For all-cause mortality, there was evidence of lower mortality in the rural group only, by an order of 73%. In terms of cardiovascular mortality, both the migrant and rural groups had lower mortality, 87% and 93% reduction, respectively, and HRs were not different between these two groups.
While results for cancer mortality tended towards lower mortality among migrant and rural groups, CIs spanned 1.
DISCUSSION
In a longitudinal cohort of three population groups in Peru, rural dwellers were at lower risk of all-cause mortality when compared with urban dwellers. Additionally, a pattern of risk reduction was also seen in migrant individuals. Interestingly, both migrant and rural participants showed lower (around 90% reduction) cardiovascular mortality than their urban counterparts, and there was a trend towards lower cancer-related mortality. Our previous migration cross-sectional work showed that while the pattern was not uniform for all measured risk factors, overall rural-to-urban migration was associated with a more adverse cardiovascular risk profile: higher levels (urban/ migrants>rural) or a gradient of levels (urban>migrant>rural) was observed for common cardiovascular risk factors including BMI, lipid profile, metabolic and inflammatory markers, but not blood pressure. 5 This follow-up study demonstrates that although rural-to-urban migrants had increased risk factors compared to the rural group at baseline, their mortality remained similar to that of rural dwellers: migrants did not seem to 'catch up' with the urban group in spite of taking on a more urban cardiovascular risk profile. We hypothesize that rural-to-urban migrants do not develop the full urban mortality risk because of healthier lifestyles early in life.
Given the trend of increasing urbanisation in LMIC, the association between a lifelong urban shanty town residence and all-cause mortality is a matter of concern for public health. While the health hazards of urban shanty towns have been well described, 1 13 studies of the health of within-country migrants across the globe have had conflicting results, suggesting that at times the benefits of urban migration, including better access to education, health services and nutrition, translate into better health outcomes in comparison with individuals who remain in rural poverty. 14 Additionally, transnational migration from LMIC to highincome countries has been associated with decreased all-cause mortality when compared with native-born populations of the same nationality, widely referred to as the healthy migrant effect. 3 Most of these studies lack a non-migrant site-of-origin comparison group hence, we do not know if, and to what extent, such an effect is an artefact. In our study, we benefited from having two reference populations to compare the migrant group with, showing that cardiovascular mortality was lower in the migrant group relative to the urban group. This means that despite their current urban residence status, migrants still bear some of the 'benefits' of lower rural mortality.
This study benefits from its prospective nature and the use of three well-defined populations. However, this study also has limitations. The results of this study are limited by the small sample size as well as the limited number of deaths in the follow-up period, thus resulting in point estimates with wide CIs. In addition, the cause of death determination was limited to death certificates and family report. Classification bias may arise due to methods used to determine the cause of death, particularly in rural areas, as potential interpretation of death and its causes could have influenced the report. However, we believe that our results regarding mortality were not affected.
In conclusion, cardiovascular mortality of migrants was similar to that of the rural group, suggesting that rural-to-urban migrants do not appear to catch up with the urban mortality despite having a more adverse cardiovascular risk factor profile similar to the urban population. Given the global trend of increasing urbanisation, resources should be mobilised to understand and address the negative health outcomes associated with residing in urban slum communities in LMIC, as well as to improve our understanding of the protective factors that lower mortality observed in migrants.
What is already known on this subject?
Urban lifestyles increase the risk of chronic diseases, including cardiovascular disease: the health of migrants hangs in the balance between the potential for improved economic circumstances and the reality of substandard conditions with unhealthy lifestyles in low-income urban communities.
What this study adds?
▸ Most of the studies of the impact of migration on mortality lack a non-migrant site-of-origin comparison group. ▸ Both migrant and rural participants showed 90% reduction in cardiovascular mortality when compared with their urban counterparts. 
